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A proposed thermoelectric device
would exploit natural temperature dif-
ferences between air and soil to harvest
small amounts of electric energy. Be-
cause the air/soil temperature differ-
ence fluctuates between nighttime and
daytime, it is almost never zero, and so
there is almost always some energy
available for harvesting. Unlike photo-
voltaic cells, the proposed device could
operate in the absence of sunlight. Un-
like a Stirling engine, which could be
designed to extract energy from the
air/soil temperature difference, the
proposed device would contain no mov-
ing parts. The main attractive feature of
the proposed device would be high reli-
ability. In a typical application, this de-
vice would be used for low-power charg-
ing of a battery that would, in turn,
supply high power at brief, infrequent
intervals for operating an instrumenta-
tion package containing sensors and
communication circuits.
The device (see figure) would include
a heat exchanger buried in soil and con-
nected to a heat pipe extending up to 
a short distance above the ground sur-
face. A thermoelectric microgenerator
(TEMG) would be mounted on top of
the heat pipe. The TEMG could be of an
advanced type, now under development,
that could maintain high (relative to
prior thermoelectric generators) power
densities at small temperature differen-
tials. A heat exchanger exposed to the
air would be mounted on top of the
TEMG. It would not matter whether the
air was warmer than the soil or the soil
warmer than the air: as long as there was
a nonzero temperature difference, heat
would flow through the device and elec-
tricity would be generated.
A study of factors that could affect the
design and operation of the device has
been performed. These factors include
the thermal conductances of the soil,
the components of the device, the con-
tacts between the components of the de-
vice, and the interfaces between the heat
exchangers and their environments.
The study included experiments that
were performed on a model of the de-
vice to demonstrate feasibility. Because a
TEMG suitable for this device was not
available, a brass dummy component
having a known thermal conductance of
1.68 W/K was substituted for the TEMG
in the models to enable measurement of
heat flows. The model included a water-
based heat pipe 30 in. (76.2 cm) long
and 1 in. (2.54 cm) in diameter,
wrapped with polyethylene insulation to
reduce radial heat flow. Several different
side heat exchangers were tested. On
the basis of the measurements, it was
predicted that if a prototype of the de-
vice were equipped with a TEMG, daily
temperature fluctuations would cause its
output power to fluctuate between 0 and
about 0.1 mW, peaking to 0.35 mW dur-
ing early afternoon.
This work was done by Jeffrey Snyder, Jean-
Pierre Fleurial, and Eric Lawrence of Caltech
for NASA’s Jet Propulsion Laboratory.
Further information is contained in a TSP
(see page 1).
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Small amounts of power would be extracted from natural temperature differences.
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This Simple, Reliable Thermoelectric Device
would harvest electric energy from the differ-
ence in temperature between air and soil.
Flexible metal-fabric radiators have
been considered as alternative means
of dissipating excess heat from space-
craft and space suits. The radiators also
may be useful in such special terrestrial
applications as rejecting heat from
space-suit-like protective suits worn in
hot work environments. In addition to
flexibility and consequent ease of de-
ployment and installation on objects of
varying sizes and shapes, the main ad-
vantages of these radiators over con-
ventional rigid radiators are that they
weigh less and occupy less volume for a
given amount of cooling capacity. A ra-
diator of this type includes conven-
tional stainless-steel tubes carrying a
coolant fluid. The main radiating com-
ponent consists of a fabric of inter-
woven aluminum-foil strips bonded to
the tubes by use of a proprietary
process. The strip/tube bonds are
strong and highly thermally conduc-
tive. Coolant is fed to and from the
tubes via flexible stainless-steel mani-
folds designed to accommodate flexing
of, and minimize bending forces on,
the fabric. The manifolds are sized to
minimize pressure drops and distribute
the flow of coolant evenly to all the
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tubes. The tubes and manifolds are
configured in two independent flow
loops for operational flexibility and
protective redundancy.
This work was done by Cynthia Cross and
Hai D. Nguyen of Johnson Space Center,
and Warren Ruemmele, Kambiz K. Andish,
and Sean McCalley of Lockheed Martin
Corp. For further information, contact the
Johnson Innovative Partnerships Office at
(281) 483-3809.
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The Design of the AHMT will utilize advanced materials and advanced sensing and control techniques to obtain imaging. The primary mirror will have a diameter
of 0.75 m and an areal density less than 10 kg/m2.  
The figure depicts the planned Actu-
ated Hybrid Mirror Telescope (AHMT),
which is intended to demonstrate a new
approach to the design and construction
of wide-aperture spaceborne telescopes
for astronomy and Earth science. This
technology is also appropriate for Earth-
based telescopes.
The new approach can be broadly
summarized as using advanced light-
weight mirrors that can be manufactured
rapidly at relatively low cost. More specif-
ically, it is planned to use precise repli-
cated metallic nanolaminate mirrors to
obtain the required high-quality optical
finishes. Lightweight, dimensionally sta-
ble silicon carbide (SiC) structures will
support the nanolaminate mirrors in the
required surface figures. To enable dif-
fraction-limited telescope performance,
errors in surface figures will be corrected
by use of mirror-shape-control actuators
that will be energized, as needed, by a
wave-front-sensing and control system.
The concepts of nanolaminate materi-
als and mirrors made from nanolami-
nate materials were discussed in several
previous NASA Tech Briefs articles.
Nanolaminates constitute a relatively
new class of materials that can approach
theoretical limits of stiffness and
strength. Nanolaminate mirrors are syn-
thesized by magnetron sputter deposi-
tion of metallic alloys and/or com-
pounds on optically precise master
surfaces to obtain optical-quality reflec-
tor surfaces backed by thin shell struc-
tures. As an integral part of the deposi-
tion process, a layer of gold that will con-
stitute the reflective surface layer is de-
posited first, eliminating the need for a
subsequent and separate reflective-coat-
ing process. The crystallographic tex-
tures of the nanolaminate will be con-
trolled to optimize the performance of
the mirror. The entire deposition
process for making a nanolaminate mir-
ror takes less than 100 hours, regardless
of the mirror diameter.
Each nanolaminate mirror will be
bonded to its lightweight SiC support-
ing structure. The lightweight nanolam-
inate mirrors and SiC supporting struc-
tures will be fabricated from reusable
master molds. The mirror-shape-control
actuators will be low-power, high-capaci-
tance lead magnesium niobate elec-
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